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(57) ABSTRACT 

A method for selectively anisotropically a semicoaductor 
feature to form a tapered sidewall profile including provid- 
ing a semiconductor wafer including an anisotropically 
etched feature formed in at least one dielectric insulating 
layer including a relatively larger width dimension portion 
overlying and encompassing at least one relatively smaller 
diameter dimension portion the smaller diameter dimension 
portion further including a bottom portion including an 
overlying liner; and, selectively anisotropically etching the 
anisotropically etched feature according to a reactive ion 
etching (RIE) process to form a tapered sidewall portion of 
the at least one relatively smaller diameter portion. 
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METHOD FOR FORMING A TAPERED 
DUAL DAMASCENE VIA PORTION WITH 
IMPROVED PERFORMANCE 

5 

FIELD OF THE INVENTIQN 

This invention generally relates to multi-layered semicon- 
ductor structures and more particularly to a method for 
forming a dual damascene structure with improved electrical 
performance including electromigration resistance and 
improved metal filling characteristics. 

BACKGROUND OF THE INVENTION 

The escalating requirements for high density and perfor- 
mance associated with ultra large scale integration semicon- 
ductor wiring require increasingly sophisticated intercon- 
nection technology. As device sizes decrease it has been 
increasingly difficult to provide interconnection technology 
that satisfies the requirements of low resistance and capaci- 
tance interconnect properties, particularly where submicron 
inter-layer interconnects and intra-layer interconnects have 
increasingly high aspect ratios (e.g., an interconnect opening 
depth to diameter ratio of greater than about 4). In particular, 
high aspect ratio vias require uniform etching profiles 25 
including preventing necking or narrowing of the via open- 
ing which detrimentally affects design constraints for elec- 
trical resistance in semiconductor device functioning. Such 
necking or narrowing of the opening can detrimentally affect 
subsequent processes including adhesion/barrier layer depo- 3Q 
sition and metal filling deposition frequently resulting in 
degraded device function including electrical pathway open 
circuits. 

In the fabrication of semiconductor devices, increased 
device density requires multiple layers, making necessary 35 
the provision of a multi-layered interconnect structure. Such 
a multi-layered interconnect structure typically includes 
inlra-layer conductive interconnects and inter-layer conduc- 
tive interconnects formed by anisotropically etched open- 
ings in an insulating layer, often referred to as inter-metal 40 
dielectric (IMD) layers, which are subsequently filled with 
metal. Commonly used inter-layer high aspect ratio open- 
ings are commonly referred to as vias, for example, when the 
opening extends through an insulating layer between two 
conductive layers. Tht intra-layer interconnects extending 45 
horizontally in the IMD layer to interconnect different areas 
within an IMD layer arc often referred to as trench lines. In 
one manufacturing approach, trench lines are formed over- 
lying and encompassing one or more vias to form metal 
inlaid interconnects referred to as dual damascene struc- 50 
tures. 

In a typical process for forming multiple layer intercon- 
nect structure, for example, a dual damascene process, a first 
IMD layer is deposited over an etching stop layer overlying 
a conductive area, for example a metallization layer. A 55 
second etching stop layer is formed over the first IMD layer 
followed by a second IMD layer formed over the second 
etching stop layer. In one approach to forming a dual 
damascene structure, via openings are first anisotropically 
etched through the first and second IMD layers by conven- 60 
tional photolithographic and etching techniques. A second 
anisotropically etched opening referred to as a trench line is 
then formed according to a second photolithographic pat- 
terning process overlying and encompassing one or more of 
the via openings. The via openings and the trench line 65 
together makeup the dual damascene structure vMch is 
subsequently filled with metal, for example, copper, fol- 
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lowed by a CMPplanarization process toplanarize the wafer 
process surface and prepare the process surface for forma- 
tion of another overlying layer or level in a multi-layered 
semiconductor device. 

As feature sizes in anisotropic etching process have 
dimimshed, photohthographic patterning processes require 
activating light (radiation) of increasingly smaller wave- 
length. For 0.25 micron and below CMOS technology, deep 
ultraviolet (DUV) photoresists have become necessary to 
achieve the desired resolution. Typically DUV photoresists 
are activated with activating light source wavelengths of less 
than about 250 nm, for example, commonly used wave- 
lengths include 193 nm and 248 nm. Many DUV photore- 
sists arc chemically amplified using a photoacid generator 
activated by the light source to make an exposed area soluble 
in the development process. 

One problem affecting DUV photoresist processes is 
believed to be interference of residual nitrogen-containing 
species, for example amines, with the DUV photoresist: 
Residual nitrogen-containing contamination is one of the 
greater concems in the use of metal nitride layers such as 
silicon nitride (e.g., SiN), which are commonly used as an 
etching stop layer. The silicon nitride layers are frequentiy 
formed by CVD processes using amine and amide contain- 
ing precursors which tend to contaminate the near surface 
region of IMD layers. Low-k IMD layers, typically having 
a high degree of porosity, facilitate absorption and transport 
of contaminating chemical species. For example, it is 
believed that nitrogen radicals, created during photolitho- 
graphic patternmg due to the presence of nitrogen containing 
species and absorbed into the IMD layer during metal nitride 
deposition, interfere with chemically amplified DUV pho- 
toresists by neutralizing a photo generated add catalyst 
which thereby renders the contaminated-portion of the pho- 
toresist insoluble in the developer. As a result, residual 
photoresist remains on patterned feamre edges, sidewalls, or 
floors of features, detrimentally affecting subsequent aniso- 
tropic etching profiles. During anisotropic etching of an 
overlying feature, for example a trench line opening over- 
lying a via opeiung, residual photoresist remains or is 
redeposited on feature opening sidewalls. Consequently, 
necking, narrowing, or other imdesirable etching profiles 
caused by polymeric residues remaining on feature sidewalls 
or floors following anisotropic etching, detrimentally affect- 
ing subsequent metal filling processes and leading to, for 
example, electrical open circuits or increased resistivity of 
interconnect features. 

For example, referring to FIG. 1, is shown a dual dama- 
scene structure at a stage in manufacturing formed by a 
typical via-first dual damascene process, where the via 
opening 20A is first formed foUowed by forming a trench 
line opening 20B overlying and encompassing the via open- 
ing 20A. Tlie dual damascene structure including the via 
opening 20A and the trench line opening 20B are formed 
over an underlying conductive area 12. The dual damascene 
structure is typically formed by at least two photolitho- 
graphic patterning and reactive ion etching processes includ- 
ing first forming a via opening 20A foUowed by a forming 
the trench line opening 20B including anisotropically etch- 
ing through a series of layers including for example a bottom 
anti-reflectance coating (BARQ layer 18; a second dielec- 
tric insulating layer 16B; a second etching stop layer 14B; a 
first dielectric insulating layer 16A; and finally, through a 
thickness portion of first etching stop layer 14A. The first 
etching stop layer 14A is subsequenUy etched through to 
reveal the imderlying conductive area 12. 

As previously discussed, a serious problem with prior art 
processes for forming the dual damascene structure includ- 
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ing forming Ihe trench line opening according to an RIE of formation of a dual damascene structure in a multi-level 
process, is the formation of polymeric residues on feature semiconductor device, it will be appreciated that the method 
sidewalls and floors, including what is referred to as a * via of the present invention is equally applicable to the aniso- 
fence* remaining at the trench line bottom portion e.g., 20C, tropic etdiing of other structures where one anisotropically 
surrounding the via opening 20A. The prior art methods for 5 etched opening is formed overlying and at least partially 
anisotropic trench etching and dual damascene formation encompassing one or more other anisotropically etched 
have attempted to achieve substantially vertical sidewall openings where the problem of photoresist or polymeric 
profiles for both the via portion and the trench line portion residue deposition remaining on features following a pho- 
in an effort to minimize the amount of surface area used by tohthographic pattemmg process and/or an anisotropic etch- 
such structures. The presence of an etching stop layer at the lo f 6 P^°^^^ advantageously prevented by subjecting the 
trench line/via level helps achieve the goal of substantially ^^^^^^ anisotropic elchmg process according to the 
vertical via sidewall profiles. One problem with the prior art P^^^°^ mventioa Whde the method of the present invention 
method for anisotropically etching dual damascene struc- ^ explained with exemplary reference to the formation of a 
hires including those having an etching stop layer at the copper fiUed dual damascene stnicmre, it will be appreciated 
trench line/via level is the tendency for polymer deposition 15 "^^^^'^ appHcable where other metals, for 
around the via opening at the trench line/via level to form via example Umgsten, aluminum, copper, or alloys thereof, are 
fences detrimentally affecting both resistivity and electro- damascene stnicmre including the use of 
migration resistance. ^^^^^ types of adhesion/barrier liners. 

Tliere is therefore a need in the semiconductor processing ^ exemplary embodiment, referring to 

art to develop a method to reHably anisotropically etch dual 20 FIGS. 2A-2F, are shown cross sectional side views of a 

damascene structures lo avoid via fences and having Portion of a multi-level semiconductor device at stages m a 

improved electrical performance. damascene manufacturing process. Referring to FIG. 

T, • ,u f * r • . J 1 A is shown a conductive region 21, for example, copper, 

It IS therefore an object of the mventxon to provide a ^^^^ ^ ^ ^^^^^^^^ .^^^^^^ ^ ^^^^ ^^^^^ ^^^^^^ 

method to rehably anisotropically etch dual damascene overlying first etching stop layer 22X, for example, silkon 

stmcuires to avoid via fences and having unproved electrical ^ ^^.J^ g ^^^^ 22A is f omed by 

performance while overcoming other shortcommgs and ^ ^onvendonal diemical vapor deposition (CVD) proce^ 

deficiencies m the pnor art. ^^^^^^^ ^^^pj^^ ^^p^^ (low pressure CVD), having 

SUMMARY OF THE INVENTION ^ thickness of about 300 Angstroms to about 700 Angstroms. 

u- J *u I.- . J- 30 Still referring to FIG. 2A, fonned over etching stop layer 

To achieve the loregomg and other objects, and m accor- ii a • « * i 4 • • i ** i ^aa ^ c 

A '^i- r.i_ . • i_ J 22A is first dielectnc insulating layer 24A, also referred to 

dance with the purposes of the present invention, as embod- ^„ ^-^i^^t,- 7tk>rri\ i e a f e 

• J J u Ji J J u • 1 • as an mter-metal dielectric (IMD) layer formed of, for 

led a^d broadly descnbed herein, the present invention j fluorinated silicate glass (FSG) or a low-k ^ow 

provides a method for selecUvely amsotropicatty a semicon- ^^^^^ ^^^^^ ^jjj^^ ^^^^^^ ^^^^^ 

ductor reature to form a tapered sidewall profile. j -j r i. • j- i / • 

^ . 35 doped sihcon dioxide, preferably havmg a dielectnc con- 
In a first embodiment, the method inchides providing a ^tant of less than about 35. Typically, the first IMD layer is 
semiconductor wafer mcludmg an anisotropically etched formed having a thickness of about 3000 to about 7000 
feature formed in at least one dielectric insulating layer Angstroms 

including a relatively larger width dimension portion over- ^ ^^y^^ deposition of the first 

lying and encompassmg at least one relatively smaller ^ j^d layer 24A, a second etching stop layer 22B is formed 

diameter dunension portion the smaller diameter dimension ^ ^ ^^^^^ ^^^^^ ^ ^^^^^ ^ 22A, formed 

portion further mcluding a bottom portion mcluding an fo, ^^31 ^^^^^^ ^^^^ ^ ^ lP^VD 

overlymg hner; and, selecUvely anisotropically etching the process, having a thickness of about 300 Angstroms to about 

anisotropic^y etched feature according to a reacUve ion gOO Angstroms. Formed over second etchingstop layer 22B 

etching (RIE) process to form a tapered sidewall porUon of ^ ^ ^^^^^ ij^p ^ ^46, also formed of, for example, 

the at least one relatively smaller diameter porUon. floiorinated siHcate glass (FSG) or a low-k (low dielectoic 

These and other embodiments, aspects and features of the constant) silicon oxide based material, e.g., carbon doped 

invention will become beUer understood from a detailed sihcon dioxide, preferably having a dielectric constant of 

descnption of the preferred embodiments of the invention less than about 3.5. Typically, the second IMD layer is 

which are described in conjunction with the accompanying 50 formed having a thickness about the same or slightly less 

dravongs. Uian the grst IMD layer. Formed over the second IMD layer 

BRIEF DESCRIPTION OF THE DRAWINGS ^ bottom anti-reflectance coating (BARC) layer 26 to 

reduce undesired light reflections from the second IMD 

no. 1 is an exemplary ctoss sectional view of a dual layer surface during a photolithographic patterning process, 

damascene structure at a stage in manufacturing according 55 For example, the BARC is formed of silicon oxynitride (e.g., 

to the prior art SiON) in an LPCVD process to a thickness of about 1000 to 

FIGS. 2A-2E are exemplary cross sectional views of a about 1400 Angstroms, 

dual damascene structure at stages in a manufacturing Referring to FIG. 2B, a via etching pattern is first formed 

process according to an embodiment of the present inven- according to a conventional photohthographic patterning 

60 process followed by a conventional reactive ion etching 

FIG. 3 is a process flow diagram including several (RIE) step to form via opening 28A. For example the 

embodiments of the present invention. anisotropic etching step includes sequential etching steps 

DETAILED DESCRIPTION OF IHE T^*""^. etching chemistries formed 

PRFFFRRFn RMRnniMCNTx: °^ combmatons of gases mcluding hydrofluorocaibons, 

PREFERRED EMBODIMENTS fluorocaibons, nitrogen, and oxygen to sequentially etch 

Although the method of the present invention is explained through a thickness of the BARC layer 26, the second IMD 

by exemplary reference the formation of a via-first method layer 24B, the second etching stop layer 22B, the first IMD 
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layer 24A, and partially through a thickness of the first 
etching stop layer 22A. 

Referring to FIG. 2C, following anisotropically etching 
via opening 28A, a resinous material layer, such as an I-line 
photoresist, or novolac (novolak) resin optionally including 5 
photoactive sensitizer such as diazonapthoquinone, is blan- 
ket deposited by a spin-coating process to fill via opening 
28A followed a thermal and/or ultraviolet radiative curing 
process to initiate further polymeric cross linking reactions 
and/or to drive off solvents. For example, the thermal curing 
process is carried out from about 90** C. to about 140* C. and 
the radiative curing process is carried out with idtraviolet 
tight including wavelengths of less than about 400 nm. A 
plasma etching chemistry including oxygen is then used to 
etchback the resinous material layer to form via plug 30 
filling at least a portion of via opening 28A. Preferably, the 
resinous layer is etched back such that the via plug is formed 
to fill the via to a level about where a subsequentiy formed 
overlying trench line depth reaches the via portion level, for 
example, at about the second etching stop layer 22B, The via 
plug 30 serves to protect via sidewalk during a subsequent 20 
trench line etching process and provides an etching endpoint 
detection means for the trench line etching process. 

Referring to FIG. 2D, a second conventional photolitho- 
graphic patterning process is then carried out to pattern a 
trench line opening etching patlem overlying and encom- 25 
passing via opening 28A. It will be appreciated that the 
trench line opening may encompass more than one via 
opening. A conventional RIE process is then carried out to 
anisotropically etch trench opening 28B overlying and 
encompassing via opening 28A including partially etching 30 
through the second etching stop layer 22B. Following the 
trench etching process, a remaining portion of via plug 30 is 
removed according to a conventional oxygen containing 
plasma ashing treatment to substantially remove via plug 30 
and polymeric residues remaining within the dual dama- 35 
scene opening. 

Referring to FIG. 2E, following removal of the via plug 
30, according to the present invention a selective anisotropic 
etching process having an etching selectivity of silicon 
dioxide (e.g., IMD layer) to silicon nitride (e.g., etching stop 40 
layer 22B and 22A) of greater than about 10 to 1 is carried 
out to selectively etch through a remaining portion of 
etching stop layer 22A to reveal the underlying conductive 
area 21 and to form a tapered via opening sidewall portion 
e.g., 28C in remaining via opening portion 28 A. In other 45 
words, the etching rate of the IMD layer is greater by about 
a factor of 10 compared to the etching rate of the etching 
stop layers 22A and 22B. It will be appreciated that at least 
a portion of remaining portion the etching stop layer 22B is 
also removed. Preferably, the tapered via opening sidewall 50 
portion forms a via opening diameter adjacent the trench line 
opening level that is greater in diameter compared to a 
bottom portion adjacent etching stop layer 22A by about 25 
percent to about 100 percent. Preferably, the tapered portion 
of the via portion opening sidewall extends from the via 55 
opening adjacent the trench line level a distance from about 
25 percent to about 100 percent of the via opening portion 
e.g., 28A depth. For example, in one embodiment, the 
tapered portion of the via opening sidewall forms an angle 
theta of about 60 degrees. to about 85 degrees with respect 60 
to a vertical line e.g., A, centered within the via opening. It 
will be appreciated that some vias may be fbraied having a 
sidewall portion substantially aligned with the overlying 
trench line, in which case, only the sidewall portion of the 
via opening portion not aligned with the trench tine sidewall 65 
will be tapered forming in cross section a one sided or 
asymmetrically tapered via opening (not shown). 
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For example, in a preferable embodiment, the selective 
anisotropic etching process includes plasma operating con- 
ditions including a plasma reactor operating pressure of 
about 30 milliTorr to about 70 milliTorr; an RF power of 
about 1200 to about 1600 Watts; plasma source gas flow 
rates of about 5 to about 15 seem of C4F8; 100 to about 300 
seem of CO; and about 200 to about 600 seem of argon; and 
a plasma etching period of about 5 seconds to about 15 
seconds. 

Following the selective anisotropic etching process an 
oxygen containing plasma treatment is carried out to clean 
any remaining polymeric residiies from the dual damascene 
structure and to adjust the tapered profile of the via portion 
e.g., 28Asidewalls according to the preferred embodiments. 

Preferably, the oxygen containing plasma treatment 
includes a plasma formed from a plasma source gas oxygen 
mixture having a volume composition ratio of nitrogen to 
oxygen of about 1:1 to about 10:1 respectively, the volimie 
composition ratios indicating a relative volmne composition 
of nitrogen to oxygen with respect to the total volume of the 
plasma source gas mixture. For example, as will be 
appreciated, the preferred volume composition ratios may be 
achieved by adjusting the relative source gas feed rates to the 
plasma reactor of individually supplied oxygen and nitrogen 
to correspond to the volume composition ratios of additive 
gas to oxygen of about 1 to 1 to about 10 to 1, respectively. 

Exemplary plasma processing conditions for the oxygen 
containing plasma treatment include a plasma reactor cham- 
ber pressure of about 1 milliTon to about 50 milliTorr, more 
preferably about 15 milliTorr to about 30 milUTorr. An RF 
power is preferably supplied to form and maintain the 
plasma between about 50 Watts to about 500 Watts. The 
oxygen containing plasma treatment is carried out for a 
period of about 10 seconds to about 60 seconds at a 
temperature of about 0° C. to about 80** C, more preferably 
from about 10** C. to about 60° C. 

It has been found, according to exemplary embodiments 
of the present invention that the tapered via opening portion 
has no detrimental effect on electrical performance, rather 
electrical performance is comparable to the electrical per- 
formance of substantially vertical vias having no polymer 
residue defects. Various process wafer performance testing 
and benchmarks assessed following exemplary implemen- 
tation of the present invention in a 0.13 micron process 
showed results well within acceptable parameters. 
Advantageously, electro-migration resistance was deter- 
mined to be improved compared to prior art method of dual 
damascene formation. In addition, the coverage of barrier/ 
adhesion layer deposition, for example, tantaliun nitride was 
found to be improved, believed to be due to improved 
transport to the surface of reactants. In addition, for similar 
reasons, the coverage of a copper seed layer by PVD was 
found to have improved coverage and an improved elec- 
trodeposition metal filling process filling the dual damascene 
structure with a void free copper layer. For example, process 
wafer performance testing and benchmarks well known in 
the art including electro-migration (EM) wafer acceptance 
testing (WAX), and yield were well within acceptable param- 
eters or had improved performance following exemplary 
implementation of the present invention. 

Although not shown, the dual damascene structure is then 
completed according to conventional processes. For 
example, the dual damascene opening is filled with metal, 
for example, a copper filling according to an electrodepo- 
sition process followed by a CMP process to remove excess 
copper above the trench opening to complete the formation 
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of a dual damascene. Prior to electrodeposition of copper, a 
barrier/adhesion layer of for example, tantalum nitride, is 
blanket deposited to line the dud damascene structure, 
followed by deposition of a copper seed layer to provide an 
electrodeposition surface. During the subsequent CMP pro- 
cess the process surface is planarized above the trench line 
opening to complete the formation of the dual damascene 
structure. 

Referring to FIG. 3 is shown a process flow diagram 
including several embodiments of the present invention. In 
process 301, a semiconductor wafer comprising a via open- 
ing is provided. In process 303, a polymeric via plug is 
formed to at least partially fill the via opening. In process 
305^ a photolithographic patterning and anisotropic etching 
process is carried out to form a trench line opening overlying 
and encompassing the via opening to form a dual damascene 
structure. In process 307 the via plug is removed by an 
oxygen ashing process. In process 309 a selective anisotro- 
pic etching process according to the present inventions is 
carried out having an etching selectivity of silicon oxide to 
silicon nitride of greater than about 10 to 1 to etch through 
a remaining portion of a via bottom portion etching stop 
layer while forming a tapered portion of the via opening 
sidewall profile. In process 311 an oxygen/nitrogen contain- 
ing plasma treatment is carried out to remove remaining 
polymeric residue and to adjust the tapered via opening 
sidewall profile according to preferred embodiments. In 
process 313, a several conventional processes are carried out 
to complete the dual damascene including a barrier/adhesion 
layer deposition step, a metal filling deposition step and a 
planarization process. 

The preferred embodiments, aspects, and features of the 
invention having been described, it will be apparent to those 
sldlled in the art that numerous variations, modifications, 
and substitutions may be made without departing from the 
spirit of the invention as disclosed and further claimed 
below. 

What is claimed is: 

1. A method for selectively aniso tropically etching a 
semiconductor feature to form a tapered sidewall profile 
comprising the steps of: 

providing a semiconductor wafer comprising an anisotro- 
pically etched feature formed in at least one dielectric 
insulating layer comprising a relatively larger width 
dimension portion overlying and encompassing at least 
one relatively smaller diameter dimension portion the 
smaller diameter dimension portion fiirther comprising 
a bottom portion including an overlying liner; and, 

selectively anisotropically etching the anisotropically 
etched feature according to a reactive ion etching (RIE) 
process to form a tapered sidewall portion of the at least 
one relatively smaller diameter portion. 

2. The method of claim 1, wherein the RIE process 
comprises an etching rate of the dielectric insulating layer 
being greater by about a factor of 10 compared to an etching 
rate of the liner. 

3. The method of claim 1, wherein the at least one 
dielectric insulating layer comprises silicon dioxide. 

4. The method of claim 1, \^erein the liner comprises a 
metal nitride. 

5. The method of claim 4, wherein the liner comprises 
siUcon nitride. 

6. The method of claim 5, wherein the RIE process 
comprises an operating pressure of about 30 milliTorr to 
about 70 milliTorr. 

7. The method of claim 6, wherein the RIE process 
comprises plasma operating conditions including an RF 
power of about 1200 to about 1600 Watts and plasma source 
gas flow rates of about 5 seem to about 15 seem of C4F8; 
about 100 seem to about 300 seem of CO; and, about 200 
seem to about 600 seem of argon. 
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8. The method of claim 7, wherein the RIE process is 
performed for a period of about 5 seconds to about 15 
seconds. 

9. The method of claim 1, wherein the tapered sidewall 
portion comprises an opening diameter about 25 percent to 
about 100 percent larger compared to a diameter of the 
bottom portion. 

10. liie method of claim 9, wherein the tapered sidewall 
portion comprises from about 25 percent to about 75 percent 
of the relatively smaller diameter portion depth. 

11. The method of claim 1, wherein the tapered sidewall 
portion comprises an angle theta for about 60 degrees to 
about 85 degrees with respect to a vertical line centered 
within the relatively smaller diameter portion. 

12. The method of claim 1, fiirther comprising an oxygen 
plasma treatment carried out following the step of selec- 
tively anisotropically etching to adjust at least one a tapered 
sidewall angle and a tapered sidewall length of the tapered 
sidewall portion. 

13. The method of claim 12, wherein the oxygen plasma 
treatment comprises forming an oxygen containing plasma 
fi-om a plasma source gas comprising a volumetric ratio of 
nitrogen to oxygen of about 1 to 1 to about 10 to 1 with 
respect to the total volume of the plasma source gas. 

14. A method for selectively anisotropically etching a dual 
damascene opening to form a tapered via portion sidewall 
having an improved electrical performance comprising the 
steps of: 

providing a semiconductor wafer comprising a via open- 
ing portion and a trench line portion to form a dual 
damascene opening extending through at least one 
silicon dioxide containing dielectric insiilating layer the 
via opening portion comprising a metal nitride liner 
covering a bottom portion of the via opening; and, 

selectively anisotropically etching the dual damascene 
opening according to a reactive ion etching (RIE) 
process comprising removing the metal nitride liner to 
form a tapered sidewall portion within the via opening 
portion the tapered sidewall portion comprising an 
upper portion adjacent the trench line portion relatively 
larger in diameter compared to the bottom portion 
diameter. 

15. The method of claim 14, wherein the RIE process 
comprises an etching rate of the at least one silicon dioxide 
containing dielectric insulating layer being greater by about 
a factor of 10 compared to an etdiing rate of the metal nitride 
Uner. 

16. The method of claim 15, wherein the metal nitride 
liner comprises silicon nitride. 

17. The method of claim 6, wherein the RIE process 
comprises plasma operating conditions including an oper- 
ating pressure of about 30 milliTorr to about 70 milliTorr; an 
RF power of about 1200 to about 1600 Watts and plasma 
source gas flow rates of about 5 seem to about 15 seem of 
C^Fq; about 100 seem to about 300 seem of CO; and, about 
200 seem to about 600 scan of argon. 

18. The method of claim 1, wherein the upper portion 
comprises a relatively larger diameter larger by about 25 
percent to about 100 percent compared to the bottom portion 
diameter. 

19. The method of claim 9, wherein the tapered sidewall 
portion comprises from about 25 percent to about 75 percent 
of the via opening portion depth. 

20. The method of claim 1, further comprising a plasma 
treatment carried out following the step of selectively aniso- 
tropically etching to adjust at least one a tapered sidewall 
portion taper angle and a tapered sidewall portion taper 
length of the tapered sidewall portion. 
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